To investigate the association between gastric surgery and cancer of the larynx. Summary Background Data: Biliary reflux is frequent after gastric surgery and may reach the proximal segment of the esophagus and the larynx. It is possible that duodenal content (consisting in bile acids, trypsin), together with pepsin and acid residues when gastric resection is partial, may cause harmful action on the multistratified epithelium of the larynx. Methods: A retrospective case-control study on subjects admitted between January 1987 and May 2002 in the same hospital in Rome was carried out. The study included 828 consecutive patients with laryngeal cancer (cases) and 825 controls with acute myocardial infarction. Controls were randomly sampled out of a total of 10,000 and matched with cases for age, sex, and year of admission. Logistic regression models were used to assess the role of gastric resection in determining laryngeal cancer risk while controlling for potential confounding factors. Results: Previous gastrectomy was reported by 8.1% of cases and 1.8% of the controls (P Ͻ 0.0001). A 4-fold association emerged between gastric surgery and laryngeal cancer risk (adjusted OR ϭ 4.3, 95% CI: 2.4 -7.9). The risk appeared strongly increased 20 years after surgery (OR ϭ 14.8, 95% CI: 3.4 -64.6). Heavy alcohol drinking (OR ϭ 2.5, 95% CI: 1.8 -3.5), smoking (OR ϭ 4.7, 95% CI: 3.3-6.7), and blue-collar occupation (OR ϭ 4.6, 95% CI: 3.2-6.7) were all independently associated with the risk of laryngeal cancer. Conclusions: Previous gastric surgery is associated with an increased risk of laryngeal cancer. A periodic laryngeal examination should be considered in long-term follow-up of patients with gastric resection.
E sophageal biliary reflux consists of the regurgitation of intestinal material through the pylorus into the stomach, with consequent reflux into the esophagus. This event may occur after partial (duodenogastroesophageal reflux) or total (duodenoesophageal reflux) resection of the stomach. [1] [2] [3] [4] In the majority of cases, in addition to the epithelium of the remaining stomach, the most vulnerable tissue is the epithelium of the distal esophagus. [5] [6] [7] [8] However, it is possible that the reflux may reach the proximal segment of the esophagus and then the larynx, also. There are many reports of laryngeal damage caused by gastroesophageal acid reflux, 9 -12 whereas there are no data about the effect of biliary reflux on the larynx. A series of reasons suggest a possible harmful action of intestinal contents (bile acids, trypsin), together with pepsin and acid residues when gastric resection is partial, on the multistratified epithelium of the larynx. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] It should also be pointed out that these regions have practically no defense mechanisms, unlike the esophagus (where, for example, peristalsis takes place).
Our hypothesis was that biliary reflux after gastric resection may enhance the development of laryngeal malignancies. To investigate this hypothesis, we decided to study the association between a personal history of gastric surgery for a benign condition and cancer of the larynx. We therefore performed a retrospective case-control study, including all patients with laryngeal cancer (LC) who were consecutively admitted to the Otorhinolaryngological Clinical Department of our University Hospital in the period January 1987 to May 2002. To select a control group similar for age and sex and, possibly, smoking history, 26 we randomly selected age-and sex-frequency-matched patients with acute myocardial infarction, consecutively admitted to the Cardiac Care Unit of our hospital during the same time period.
MATERIALS AND METHODS
We enrolled a total of 828 patients who were admitted to the Otorhinolaryngological Clinical Department of our University Hospital because of a diagnosis of LC. This group included all the patients consecutively admitted between January 1987 and May 2002. Previous surgery for gastric cancer was a criterion for exclusion from the study, but we found no patient previously operated for gastric cancer. The University Hospital database includes an updated medical history with information on risk factors and living conditions, obtained through a structured questionnaire. Data were therefore obtained regarding the time of onset of the laryngeal tumor, place of residence, occupation (classified as white-collar, blue-collar, or other; the latter included housewives, farmers, retired and undefined subjects), smoking history, alcohol consumption, and details of previous surgical interventions.
We randomly selected as control group 828 patients admitted to the Cardiac Care Unit of our hospital (out of a total of 10,000), during the same time period (from January 1987 to May 2002), because of acute coronary events. Patients with a previous history of heart disease (including myocardial infarction, angina, cardiomyopathy, arrhythmias, or congenital heart disease) were not considered eligible. A previous history of squamous cell carcinoma of the larynx was identified for 3 controls, and these were excluded from the study. Control subjects were frequency matched with LC cases for age, sex, and year of admission. Again, all data regarding previous medical history and living habits and conditions were obtained from the hospital database.
Our study therefore included a total of 828 cases (761 males and 67 females) and 825 control subjects (758 males and 67 females).
Quality and completeness of the data obtained by the hospital database were confirmed by a direct interview of 115 cases and 115 controls, randomly chosen among the surviving subjects. In particular, data regarding smoking and alcohol history, previous gastrectomy, and living conditions were in agreement with those recorded in the database.
As regards tobacco use, patients were classified as: never smokers (no history of cigarette smoking), former smokers (persons who had smoked but had quit before admission to the hospital), and current smokers (persons who were smoking at the time of the admission). Former and current smokers were also combined in a single category, as "ever smokers," for comparisons with never smokers. Information about the quit date, number of cigarettes smoked per day, and duration of smoking over time was recorded. Alcohol intake was recorded as the mean number of standard drinks consumed per day (1 standard drink ϭ 12 g of absolute alcohol). 27 Patients were subdivided into 3 groups: nondrinkers, including subjects who were teetotalers or who only occasionally drank some alcohol; social drinkers: men or women who reported less than 3 drinks per day or less than 2 drinks per day, respectively; heavy drinkers: men who reported 3 or more than 3 drinks per day; and women who reported 2 or more than 2 drinks per day. 28
Statistical Analysis
Continuous variables are expressed as mean Ϯ SD, and comparisons between groups were performed with the Wilcoxon rank sum test. Comparisons of categorical variables were performed with Pearson's 2 test; a P value Ͻ 0.05 (2-tailed) was considered significant. Logistic regression models were used to assess the effect of gastric resection in developing LC while controlling for potential confounding factors. Adjustment variables included in the analysis were: age, sex, geographic area of residence, smoking habits, drinking habits, and occupation. All results from logistic models are expressed as Odds Ratio. 95% CI are given. Analyses were performed with SAS for Windows software.
RESULTS

Study Population
LC cases showed the following laryngeal localization of the tumor: glottic (n ϭ 382, 46.1%), supraglottic (n ϭ 214, 25.8%), transglottic (or multiregional) (n ϭ 212, 25.6%), glottic-subglottic (n ϭ 18, 2.2%), and subglottic (n ϭ 2, 0.3%). Eight hundred eleven (98%) patients had a squamous cell carcinoma and 17 (2%) had a verrucous carcinoma. Individual characteristics of patients and controls are shown in Table 1 . The 2 groups were sex-and age-frequency matched, but a low social class was more frequent among cases (white-collar workers were 41% among controls and 20% among cases). Prevalence of smoking and alcohol consumption was also significantly higher in cases than in controls (92.2% versus 74.3% for ever-smoking, P Ͻ 0.0001; current alcohol use was 73% versus 56.9%, P Ͻ 0.0001). Control subjects were admitted for an acute condition (acute myocardial infarction), and more often (84.2%) lived in the geographical area surrounding our hospital (Lazio, Central Italy) than cases did (64.5%).
Gastric Surgery and Cancer of the Larynx
A previous gastric resection was reported by 67 LC cases (8.1%) (97% males; mean age 65.3 Ϯ 9.7 years) and by 15 controls (1.8%) (100% males; mean age 63.1 Ϯ 9.9 years): the difference was significant (P Ͻ 0.0001).
Among the 67 LC cases with gastric resection (mean age at surgery ϭ 43.0 Ϯ 13.3 years), 42 (62.7%) had a Billroth-II and 25 (37.3%) a Billroth-I resection; 48 (71.6%) were drinkers (40.3% were social and 31.3% heavy drinkers), 61 (91%) had a smoking history (77.6% were current, 13.4% former and 9% never smokers), and 48 (71.6%) had residence in the area (Lazio, Central Italy). All 67 individuals underwent gastric surgery because of peptic ulcer (64 ͓95.5%͔ because of a duodenal ulcer and 3 ͓4.5%͔ for a gastric ulcer). The distribution according to specific sites and histologic types of laryngeal cancer among these 67 LC cases was as follows: glottic (n ϭ 34, 50.7%), supraglottic (n ϭ 19, 28.2%), transglottic (or multiregional) (n ϭ 12, 17.8%), glottic-subglottic (n ϭ 2, 2.9%); 66 (98.5%) patients had a squamous cell carcinoma and 1 (1.5%) had a verrucous carcinoma. No difference emerged in comparison to the whole series.
Among the 15 control subjects with gastric resection (mean age at surgery ϭ 47.2 Ϯ 11.5 years), 9 (60%) had a Billroth-II and 6 (40%) a Billroth-I resection; 9 (60%) were drinkers (26.7% were social and 33.3% heavy drinkers), 11 (73.3%) were resident in the area (Lazio, Central Italy) and all of 15 (100%) had a smoking history (73.3% were current and 26.7% former smokers), All these 15 individuals underwent gastric surgery because of peptic ulcer (14 ͓93.3%͔ because of a duodenal ulcer and 1 ͓6.6%͔ for a gastric ulcer).
A baseline logistic model (Model A, Table 2 ) included terms for sex, age, area of residence, alcohol consumption (yes/no), smoking (ever/never), occupation (white-, bluecollar, and other) and gastric surgery. This multivariate analysis showed that blue-collar workers (OR ϭ 4.6, 95% CI ϭ 3.2-6.7), alcohol drinkers (OR ϭ 1.6, 95% CI ϭ 1.3-2.0), and ever-smokers (OR ϭ 4.1, 95% CI ϭ 2.8 -5.7) were at significantly increased risk of laryngeal cancer. Previous surgery of the stomach was also significantly associated with laryngeal cancer (OR ϭ 4.3, 95% CI ϭ 2.4 -7.9).
A multivariate analysis including terms for the same set of confounders but with a more detailed classification of alcohol drinking and smoking (Model B, Table 2 ) confirmed the significant association between previous gastric resection and cancer of the larynx with an OR of 3.8 (95% CI ϭ 2.1-7.0). Heavy alcohol drinkers (OR ϭ 2.5, 95% CI ϭ 1.8 -3.5), current smokers (OR ϭ 4.7, 95% CI ϭ 3.3-6.7), and blue-collar workers (OR ϭ 4.6, 95% CI ϭ 3.2-6.7) were shown to be at significantly increased LC risk in the same multivariate analysis.
Among LC cases, gastric resection occurred on average 22.3 Ϯ 11.4 years before admission for laryngeal cancer. The association between gastric surgery and laryngeal cancer risk varied according to the time interval and appeared much stronger 20 years after gastric resection: a multivariate analysis showed a risk estimate of 2.2 (95% CI: 1.1-4.4) in the first 20 years after surgery, and 14.8 (95% CI: 3.4 -64.6) 20 years after surgery (Table 3 ). Analyses were repeated in the subgroup of 763 LC cases and 613 controls who were either former or current smokers at interview. Characteristics of cases and controls, after exclusion of never smokers, are shown in Table 4 . In this large subgroup, odds ratios obtained from a multivariate logistic models (Table 5) , including simultaneously terms for age (in years) and all the variables considered in the previous analyses, confirmed the significant association between previous surgery of the stomach and cancer of the larynx, although somehow weakened (OR ϭ 3.0; 95% CI ϭ 1.6 -5.6). This association also appeared to be strongly timedependent: a multivariate analysis showed a trend of increasing risk over time. The OR was 1.6 (95% CI: 0.8 -3.2) for less than 20 years after the date of gastric surgery, and 13.6 (95% CI: 3.0 -60.7) for more than 20 years after surgery (Table 3 ).
DISCUSSION
Our results show that previous gastric surgery is associated with an increased risk of LC. Among subjects who had previously undergone surgery of the stomach for a benign condition such as peptic ulcer, the risk to develop a LC was increased 4-fold in a multivariate analysis, taking into account other strong risk factors such as smoking and alcohol consumption. 29 -31 A 3-fold risk persisted when the analyses were restricted to ever smokers.
The present study confirms and strengthens the results obtained from our group's recent pilot study, where the development of laryngeal malignancy or premalignancies was found, at long-term follow-up, in 7.5% of previously gastro-resected subjects. 32 Our findings support the hypothesis that a chronic reflux of intestinal contents (including bile acids and salts, and pancreatic enzymes), which is often present after gastric resection, together with pepsin and acid residues when gastric resection is partial, may promote the development of laryngeal malignant changes, by creating chronic stimulation and inflammation on the squamous epithelium of the larynx. 33 The distance of the larynx from the stomach and the presence of a low-grade, chronic stimulation could explain the long time needed by this reflux to become dangerous. We have shown that the risk increased more than 10-fold 20 years or more after gastric resection.
Obviously, a prerequisite for any complications of reflux is that it occurs to an extent beyond the tolerance of the epithelium. Smoking and alcohol abuse may both decrease this tolerance, as well as also being associated with a higher incidence of reflux disease. 34, 35 A chronic insult on the laryngeal epithelium, represented by biliary reflux after gastric surgery, may therefore represent (as already demonstrated for acid reflux) 9 -12 a further risk factor or cofactor for the onset of laryngeal carcinogenesis. Furthermore, gastrectomy also increases the systemic toxicity of ethanol by abolishing the first-pass metabolism and increasing its bioavailability. 36 Biliary reflux may be therefore dangerous for the larynx because of several mechanisms. In particular, trypsin can play a role, because when not made inactive by pepsin it remains in action for 1 hour at various pH levels. 14 Because of its proteolytic properties, this enzyme may promote the detachment of the surface cells from the epithelium by digesting the intercellular substances and surface structures that contribute to the maintenance of cohesion between the cells. [15] [16] [17] Bile acids have also been thought to damage mucosal cells by their detergent property and solubilization of the mucosal lipid membranes. 18 Because of their lipophilic state, bile acids may also penetrate through the mucosa and cause intramucosal damage by disorganizing membrane structure or interfering with cellular function. 18, 19 Furthermore, it has been demonstrated in animal models that unconjugated bile acids are able to augment the damaging effects of trypsin at pH 7. 20, 21 In the present series, 62.7% of LC cases reporting gastric surgery had had a Billroth II reconstruction (subtotal excision of the stomach with gastrojejunal anastomosis and duodenal closure), and 37.3% a Billroth I (subtotal excision of the stomach with gastroduodenal anastomosis). Although the statistical analysis is not possible because of the small size of the sample series, the finding is consistent with the evidence reporting higher levels of biliary reflux in gastric resection with Billroth II reconstruction versus other type of surgical approach (Billroth I and Roux en Y reconstruction). 22 Interestingly, higher mean pH values and N-nitrous compound concentrations have been found in patients with Billroth II resection as compared with both Billroth I surgery and normal controls, 23 whereas N-nitrous compound levels were also recorded in patients with more severe histologic changes in gastric stump carcinogenesis. 24 Higher levels of polyamines (actively involved in cell proliferation) were also observed after Billroth II gastric resection compared with subjects never operated on. 25 A limitation of this study is the lack of direct evidence of reflux in our patients. There are many clinical studies showing presence of biliary reflux after gastric resection, 1,2 and its evidence would have given further support to our data. Moreover, although biliary reflux may more appropriately be demonstrated by 24-hour esophageal bilirubin monitoring (Bilitec), we previously reported abnormal alkaline reflux in esophagus, by using the 24-hour pH-metry, in 3 patients with both laryngeal cancer and a Billroth II reconstruction after gastric resection. 37 Another possible criticism may be because of the possible association between smoking and gastric resection. 38, 39 Heavy smoking (a strong risk factor for cancer of the larynx) can be related to complications of peptic ulcer disease leading to gastric resection, in particular for patients undergoing surgery before the 1970 to 1980s, when H2-receptor antagonists, proton-pump inhibitors, and Helicobacter pylori eradication had not yet been introduced. 40 For this reason, we chose a group of patients with acute myocardial infarction as controls, who were supposed to have a higher prevalence of smoking compared with the normal population. 26 Our results also persisted in the analysis performed only in the large subgroup of ever smokers.
On the other hand, we defined smoking status according to patients' self-reported information. In the context of the University specialist setting, where patients and controls were followed closely and clinical attention was directed toward identifying and minimizing modifiable potential risk factors, smoking status was, therefore, prospectively and systematically assessed. Furthermore, the completeness and the accuracy of the data recorded were directly confirmed by follow-up interviews in a large subgroup in both cases and controls.
Nevertheless, although self-reports seem to be reasonably accurate, 41 we cannot exclude the possibility of confounding by income level. In particular, control subjects, who were of higher social status, might be more compliant than cases in reporting their habits. However, adjustment for type of occupation (such as white or blue collar) did not alter the associations found. Furthermore, although smoking and alcohol intake remain the 2 major risk factors actually recognized to cause laryngeal cancer, there are substances thought to be carcinogens, cocarcinogens, or promotive factors for cancer, such as asbestos, wood dust, coal products, cement sulfuric, acid paints, and acid vapor. 42 It is very difficult to prove that a patient has developed LC because of these factors or to separate out their effects from those induced from smoking or alcohol intake. However, the above factors are all included in the extensive category of environmental and occupational risk factors, and, as mentioned earlier, adjustment for occupation did not alter the associations found in the present study.
This study has also several strengths. Our findings show a clear association between laryngeal cancer and previous gastrectomy for the first time. Although the number of gastric resections has been significantly reduced in the last 2 decades, because of better treatment of peptic ulcer disease, 43, 44 a substantial proportion of the population around retirement age has previously been subjected to gastric surgery because of peptic ulcer. Furthermore, the prevalence of gastric surgeries is also significant among patients with gastric cancer. 45, 46 Thus, the long-term outcome of these patients is of continuing relevance, and an increased risk for cancer of the larynx for this cohort may still currently be of considerable public health importance. Although further studies should confirm our findings, in particular with assessment of the presence and quality of reflux compounds, we believe that a periodic laryngeal examination should be considered in long-term follow-up of patients with gastric surgery.
